α will be biased towards 1. Importantly, if the shifts in mean are frequent and/or large then estimates of 1 α will be insignificantly different from 1.
1 These conclusions are not affected by the choice of estimator or the inclusion of more complicated dynamics such as adding to the model a lead or further lags in y .
Consider now that t y is United States inflation data for the last 50 years. Our prior beliefs concerning the estimate of 1 α in equation (1) now depends on what we believe is the 'true' statistical process of inflation over this period. Given inflation in developed economies appears to be bounded below at around zero and above at some moderate rate it is unlikely that inflation is truly an integrated variable. It is also unlikely that inflation is trend stationary unless the trend is a proxy for a systematic unidirectional change in the central bank's target rate of inflation.
The third alternative is that inflation is stationary with shifting means. 2 The dynamics of inflation in 'modern' Phillips curve theories since Friedman (1968) and Phelps (1967) start with a discrete shift in monetary policy that leads to a discrete shift in the long-run rate of 1 This is a generalisation of the Perron (1989) result that large shifts in mean lead to the erroneous acceptance that the data contains a unit root. That is, the estimate of 1 α in equation (1) is insignificantly different from 1. See also Banerjee and Urga (2005) .
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A fourth alternative is for inflation to be integrated of order greater than 1. It is hard to imagine how this process would be generated and so this alternative is excluded from this discussion.
inflation. 3 In the short-run, inflation displays stationary perturbations around the long-run rate. Consequently, we may expect inflation to be a stationary process with shifts in mean where the latter represent changes in the long-run rate of inflation due to changes in monetary policy.
Return now to estimating equation (1) with the last 50 years of United States inflation data.
If we believe that the data is stationary with frequent shifts in mean then we must conclude that estimates of 1 α will be biased towards 1 unless we account for these shifts in the mean rate of inflation in the estimation process. Consequently, we might conclude that the extensive empirical literature that examines the veracity of 'modern' Phillips curve theories by estimating the coefficients on leads and lags in inflation in models based on equation (1) is invalid as the shifts in the mean rate of inflation are not explicitly accounted for. The estimates will be imprecise and biased towards accepting the hypothesis that the sum of the lags and leads in inflation is 1. Furthermore, once the shifts in mean are accounted for in the estimation process, the sum of the estimated coefficients on the dynamic inflation terms (i.e.
the leads and lags of inflation) must be less than 1. If this is not the case then the inflation data remains non-stationary suggesting that the shifts in mean have not been properly accounted for in the estimation process. 4 This paper empirically demonstrates these conclusions before providing estimates of the short and long-run Phillips curves that explicitly account for the shifts in the mean rate of inflation in the data.
ESTIMATING 'MODERN' PHILLIPS CURVE MODELS OF INFLATION
We can understand modern Phillips curve The error term, t ε , is due to the random errors of agents and the shocks to inflation. The 'forcing' variable represents excess demand and measured in the literature in a variety of ways including the gap between the unemployment rate and its long-run level, the gap between real and potential output, real marginal costs, and labour's income share.
In the purely backward looking Friedman (1968) and Phelps (1967) . 6 In the purely forward-looking rational expectations New Keynesian (NK) Phillips Curve models of Clarida, Gali and Gertler (1999) in all three models of inflation.
The vertical long-run Phillips curve is a central tenant of 'modern' Phillips curve theories of inflation since Friedman (1968) and Phelps (1967) and implies that inflation may be nonstationary with multiple long-run rates of inflation. Indeed, a large measure of Friedman's success in establishing the existence of the vertical long-run Phillips curve was in predicting the 'breakdown' of the original Phillips curve identified by Phillips (1958) . The 'breakdown' was due to changes in the expected rate of inflation associated with changes in the long-run rate of inflation and therefore concomitant with inflation being non-stationary.
If inflation is non-stationary then the empirical Phillips curve literature reveals a strange dichotomy in the economics profession. Since the work of Yule (1926) , Granger and Newbold (1974, 1977) , Plosser and Schewert (1978) , Hendry (1980) , Box and Jenkins (1976) and Phillips (1986) on 'spurious' regressions, applied time series economists carefully avoid estimating models with non-stationary data. The dichotomy is that even though applied time The term Friedman-Phelps Phillips curve acknowledges the intellectual shoulders that the 'modern' Phillips curve literature stands on. data, nearly all of the empirical work on the 'modern' Phillips curve fails to account for the shifts in the mean rates of inflation and makes use of estimation techniques that are suitable for models where the data is stationary with a constant mean.
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For example, Gordon (1970 Gordon ( , 1975 Gordon ( , 1977 Gordon ( , and 1997 and Alogoskoufis and Smith (1991) estimate versions of equation (2) All these estimators provide biased estimates when the shifts in mean are not accounted for in the data and will lead to the erroneous acceptance of the hypothesis that 1
The estimation of Phillips curve models without accounting for the shifts in mean is all the more surprising given that the modern Phillips curve literature leads us to expect that inflation is stationary with shifting means.
The inability to recognise that inflation is non-stationary raises questions concerning the validity of recent empirical work on the competing Phillips curve models. This work uses the estimated values for f δ and b δ in equation (2) States quarterly consumer price index (CPI) inflation data to re-establish the standard results in the literature. Both models are then estimated with inflation data that has been de-meaned to remove the multiple shifts in the mean rate of inflation. If the actual inflation data is stationary with a constant mean then the estimated coefficients on expected and lagged inflation using actual inflation will be essentially the same as those estimated using the demeaned data. De-meaning of the inflation data will only affect the value of the estimated constant.
However, if the inflation data is stationary with multiple shifts in mean as argued here then the estimates using the non-stationary actual inflation data will differ from the estimates from the stationary de-meaned inflation data. Section 4 shows that there are large differences in the estimates from the two data sets. See Friedman (1969) and Tobin (1972) as well as Braun (1994) , Chari, Lawrence, Christiano and Kehoe (1996) and Feldstein (1999) .
and the unemployment rate. Finally, any theoretical discussion of the dynamics that an economy will display during the transition between different rates of inflation in the long run is meaningless as the economy has not experienced any change in the long-run rate of inflation.
Unless we are willing to accept what is implied by a constant long-run rate of inflation we must conclude that inflation does not have a constant mean. That is, inflation is nonstationary.
Graph 1 Exporting Countries (OPEC) oil price increases is then followed by a discrete reduction in inflation early in the 1980s (the 'Volker deflation') and then again in the early 1990s at the time of a large recession.
These visual shifts in mean inflation can be shown more formally by applying the Bai and Perron (1998 , 2003a , 2003b technique to estimate multiple breaks in the mean rate of inflation. 14 This technique identifies 7 shifts in the mean rate of inflation and therefore 8 'inflation regimes' over this 50 year period. The mean rates of inflation for each 'inflation regime' are shown on Graph 1 as horizontal solid thin lines. From a purely visual perspective, the Bai-Perron technique appears to have identified all the large shifts in mean inflation over the period. However, the technique may have missed two of the smaller shifts in mean inflation in 1955-1957 and 1997-1999 and possibly some small movements in mean inflation within the other inflation regimes.
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See Appendix 1 for details and sources of the data used in this paper.
14 See Appendix 2 for details concerning the estimation of inflation regimes using the Bai-Perron technique.
PROPOSITION 2 -THE STANDARD ESTIMATES ARE BIASED
To demonstrate that the estimates of the coefficients are biased and due to overlooked nonstationarity in the data we estimate the Hybrid and F-P Phillips curve models over the sample March 1952 to September 2004 with two series of inflation data. 15 The first series is the actual inflation data and the second is the inflation data de-meaned for the shifts in mean inflation in each of the eight inflation 'regimes' reported in Graph 1. Graph 2 shows the demeaned inflation data.
Estimating the Phillips curve models with actual and de-meaned inflation presents two possible outcomes. If the actual inflation data is stationary with a constant mean then the estimated coefficients on the inflation terms in the models estimated with actual and demeaned inflation will be the same. De-meaning the inflation data will only affect the size of the constant. The second possible outcome is when the inflation data are stationary with shifting means. In this case, the models estimated with the de-meaned inflation data will provide unbiased estimates while the models estimated with the actual non-stationary inflation data will provide estimates where the sum of the coefficients on the explanatory inflation terms is biased towards 1.
The forcing variable, t x , is the gap between the actual, t U , and potential unemployment rates, * t U , and measured as the United States unemployment rate adjusted for a broken trend in June 1978. 16 To conform to the recent Hybrid Phillips curve literature, the models are estimated using GMM with instruments of three lags of both inflation and the de-trended unemployment rate. 17 The Hybrid Phillips curve encompasses both the F-P and NK models with a single lead and a single lag in inflation. The Friedman-Phelps model is estimated with three lags of inflation. In both models the number of lags of inflation is chosen by a 5 per cent t criterion. The break in trend was identified using the Perron (1998) technique.
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The results and conclusions presented here do not depend on GMM and are robust to any form of estimation technique including ordinary least squares and two stage least squares as long as the technique is only appropriate for stationary data with a constant mean.
The estimated Hybrid and Friedman-Phelps (F-P) models using the full data sample are reported in Table 1 δ is insignificantly different from 1 in both models. 18 Estimates from the Hybrid model also identify the dominant role played by expected inflation and the forward looking agents.
However, note that the models are badly mis-specified in terms of serially correlated errors.
In the F-P model, the sum of the lags of inflation is insignificantly different from 1.
The results of estimating the Phillips curve models with the de-meaned inflation data are reported in columns 3 and 4 in Table 1 . In the Hybrid model where the data can distinguish between the competing F-P and NK models, we now find no significant role for expected inflation and a coefficient on lagged inflation similar in size to that in the F-P model. As expected when estimating the F-P model with de-meaned data which is now stationary with a constant mean, the sum of the coefficients on lagged inflation is 0.44 and significantly less than 1. The F-P model now appears well specified while the Hybrid model that incorporates the insignificant expected inflation remains badly mis-specified.
Note that the unemployment term in the Hybrid model (Table 1 , column 1) is insignificant. This is a common finding in the literature and motivates Gali and Gertler (1999) to substitute this term with labour's income share which they find significant. We do not conduct a 'search' for a significant forcing variable to replace the unemployment term as once we account for the shifts in the mean rate of inflation the unemployment term is significant with the expected sign in the Phillips curve models. It appears the 'forcing' variable is insignificant because it is incapable of explaining the non-stationarity in the inflation data.
In summary, when the models are estimated with de-meaned data, expected inflation is insignificant in the Hybrid model and both models comprehensively reject the hypothesis that
. This is in contrast with the same models estimated with the actual nonstationary inflation data where expected inflation is significant and we accept 1
The results can be compared with those reported in Table 1 of Galí, et. al. (2005) or any of the Hybrid Phillips curve papers cited in Section 2.
PROPOSITION 3 -THE STANDARD RESULTS ARE DUE TO SHIFTS IN MEAN INFLATION
In the previous section we show that the standard results of the 'modern' Phillips curve literature disappear if the shifts in the mean rate of inflation are accounted for in the data.
Some observers may feel that the results are in some way due to how the inflation data were de-meaned. 19 This section, therefore, undertakes the opposite experiment by making use of a 'mean-shift' inflation series, The 'mean-shift' inflation series is then used as the explanatory inflation series in the Phillips curve models where the dependent variable is actual inflation, such that:
Note that in equation (4) An alternative method for identifying multiple breaks in data series is the spectral density technique of Ahamada, Jouini, and Boutahar (2004) and Ben Aissa, . However, if the BaiPerron technique has poorly identified the shifts in the mean rate of inflation then the data would remain non-stationary after de-meaning and the estimates of f δ and b δ would remain biased and sum to 1. A weak indirect 'test' of how successful the Bai-Perron technique has identified the shifts in mean is that
in the models estimated with the de-meaned data.
The mean values of the estimates from the Hybrid and F-P versions of equation (4) This experiment points strongly to why expected inflation is a significant explanatory variable in the standard Hybrid Phillips curve literature. The mean-shift inflation series contains no relevant information for explaining actual inflation other than the size and timing of the shifts in mean inflation. The Hybrid model in column 1 of Table 2 shows that the coefficient on expected inflation is insignificantly different from 1. This can only be due to the shifts in mean contained in the mean-shift inflation series. Simultaneously, the lag in inflation is insignificant. It appears that the estimation procedure explains the shift in the mean rate of actual inflation by the expected inflation term and not the lag in inflation.
Having explained the actual shift in mean inflation, the mean-shift inflation data contains no further information and so the lag in mean-shift inflation is insignificant. One might hypothesise that if the lag in inflation did contain some relevant information concerning actual inflation then the lag in inflation would also be significant in the Hybrid model. Consequently, in the standard empirical Hybrid Phillips curve literature, expected inflation is significant (and large) due to the unaccounted shifts in mean inflation while lagged inflation is significant (and small) due to the information content of the inflation data other than the shifts in mean inflation.
Finally, we estimate the Phillips curve models using only the 'mean-shift' inflation series so that:
The random data is generated using RATS 5.01 with a 'seed value' of 171293. 
PANEL ESTIMATES OF UNITED STATES PHILLIPS CURVES
Having demonstrated that the standard estimation techniques are inappropriate for estimating
Phillips curves when inflation is non-stationary, we now proceed to estimate short and longrun Phillips curves assuming explicitly that inflation is stationary with shifting means.
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Based on this assumption, we separate the data into eight inflation regimes where the mean rate of inflation is constant in each regime. We then organise the data as time series of eight individual inflation regimes. As the data are stationary with a constant mean by construction this allows us to analyse the data using standard unbalanced panel estimation techniques to simultaneously estimate the short-run Phillips curve for each of the inflation regimes.
In the model that we wish to estimate, the number of inflation regimes, n, is small (in our case 8) and the number of time periods, t, is large relative to n and the regimes are unbalanced. Furthermore, although there is a time dimension within each regime, the time
If we acknowledge that inflation is non-stationary but instead assume the data is integrated then there are two ways to proceed. The first is that followed by King and Watson (1994) who difference the inflation data. However, if the 'true' statistical process is stationary with shifting means then this approach will lead to erroneous estimates as demonstrated in Appendix 3. The second is that followed by Russell and Banerjee (2006) who estimate an I(1) system to identify the long-run cointegrating relationship between inflation and the unemployment rate. While assuming that inflation is an integrated variable may be a good approximation of the 'true' statistical process if there are very frequent shifts in mean, this approach does not allow the estimation of short-run Phillips curves.
periods are not aligned across regimes. As such, the model does not conform neatly to the usual estimation of panel data.
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However, two broad estimators of the model present themselves. The random effects estimator assumes the coefficients of the model are not fixed parameters to be estimated but random parameters from a distribution which is mean zero and constant variance. Important assumptions are that the random effects are uncorrelated with the other explanators and that the inflation rate is a random draw from a distribution which is common across regimes. With the inflation regimes defined by different mean rates of inflation the distributions of the regimes are not common by construction. Therefore, the random effects model is conceptually inappropriate.
The fixed effects estimator accounts for the different mean rates of inflation across regimes by introducing a constant for each regime. This estimator is sometimes referred to as the 'within estimator' for it uses the within regime, and not the between regime, variance in the data. There are therefore as many constants as regimes and as the number of regimes increase relative to the number of time periods there is a loss of efficiency as we only have t observations to estimate the n constants. As the estimated fixed effects in the model have a straightforward economic interpretation and the number of regimes is small we present the fixed effects estimates below.
The panel fixed effects specification of the Hybrid Phillips curve model of equation (2) can be written;
where the 'n' superscript indicates the inflation regime that the data is drawn from. The unobserved regime-specific time invariant effects, n φ , allow for shifts in the mean rate of inflation across regimes and n t η is a disturbance term which is independent across inflation regimes. 23 The hypothesis that the coefficients f φ , b φ and U φ are the same across regimes 22 See Smith and Fuertes (2003) for an excellent introduction to time series panel estimation and Baltagi (2001) and Hsiao (2003) for more detailed studies.
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On a conceptual level this assumption must hold as the time periods are not aligned across inflation regimes.
cannot be rejected by the data leading to the restricted model in equation (6) (see the notes to There is a large literature on the biases in estimating dynamic panels that include lagged dependent variables when t is small relative to a large n. 24 The problem is that an unmodelled shock to inflation in one period will simultaneously affect the estimated constant (i.e. the fixed effect) and the estimated error which violates one of the assumptions of the fixed effects modelling procedure. 25 However, as the number of time periods increase for a given number of individuals the correlation between the fixed effect and error term declines as the shocks average out over time and any individual shock has only 1/t-1 impact on the estimated constant.
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An important question for our purposes is when does t become 'large'? A 'rule-of-thumb' is that t is large when it is sensible (in terms of degrees of freedom) to estimate individual 24 For example, see Arellano and Bond (1991) , Arellano and Bover (1995) , Blundell and Bond (1998) and Bond (2002) .
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See Nickell (1981).
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One way to overcome the problem of 'dynamic panel bias' when t is very small is to difference the data so as to eliminate equations for each regimes. In our case the regimes are unbalanced with most of the regimes consistent with this rule but some of the shorter inflation regimes are not. However, we proceed to estimate the fixed effects model using all inflation regimes and note that very similar results are obtained by estimating the model with only the longer inflation regimes.
This issue is returned to at the end of Section 6.1.
Finally, it is likely that inflation and the unemployment rate are determined simultaneously and so the contemporaneous unemployment rate is endogenous and not weakly exogenous in the estimated model. Furthermore, our measure of expected inflation suggests it will be correlated with the error term. We address these problems by estimating the fixed effects model using two stage least squares (2SLS) where the instruments are two lags of inflation and the unemployment rate.
Panel estimates of the United States Phillips curve
Reorganising the data as an unbalanced time series panel does not in itself affect the standard results of the Phillips curve literature. This is easily demonstrated by estimating equation (6) with the constant, n φ , restricted to be the same across all 8 inflation regimes. This is equivalent to estimating the model assuming the mean rate of inflation is the same for each inflation regime as in the standard empirical literature. Two stage least squares estimates of the Hybrid and Friedman-Phelps Phillips curve models with the constant restricted are provided in Table 3 . Note the results are very similar to those reported for the respective models in the first two columns of Table 1 Table 4 . A further lag in inflation and the unemployment rate are insignificant.
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As with the de-meaned data in Section 5 we are unable to identify a significant role for expected inflation in the inflationary process and the sum of the estimated coefficients on the inflation terms is 0.4736 which is significantly less than 1.
Excluding the insignificant expected inflation term, the estimated Friedman-Phelps model is reported in column 2 of Table 4 . A further lag in inflation and the unemployment rate remain insignificant. 28 The estimated coefficient on lagged inflation is now 0.3323 which remains significantly less than 1. The unemployment rate is significant and negative with a value of -0.3159. These estimates are similar to the F-P estimates using the demeaned inflation data of 0.5302 and -0.3259 respectively (see Table 1 , column 4) and suggest that the short-run
Phillips curve for each inflation regime has a significant negative slope as we might expect.
The Bai-Perron technique results in two regimes (numbers 4 and 5) hitting the minimum quarters constraint in the estimation of the inflation regimes. Consequently the means of the data in these two regimes may not be constant. To examine whether these two regimes are in some way 'driving' the results reported in Table 4 , the models were re-estimated with these Table 4 in terms of estimated coefficients and the diagnostics of the model.
Calculating the Implicit Long-run Phillips curve
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Liklihood ratio omitted variable tests reject the inclusion of Assuming that the long-run rate of inflation is equal to the mean rate of inflation in each regime, n p Δ , the implied long-run unemployment rate for inflation regime n, n Ũ , can be calculated from the estimates of equation (6) The estimated linear and non-linear long-run Phillips curves in the top portion of Table 5 suggest the long-run relationship has a small positive slope. Higher mean rates of inflation are associated with higher long-run rates of unemployment. However, having identified a positive slope to the long-run Phillips curve, an important question is whether or not the slope is significantly different from being vertical? As these curves are long-run in nature, causation between the variables is less important. Consequently, it is equally valid to estimate the long-run relationship with the unemployment rate as the dependent variable and inflation as the independent variable. The OLS linear and quadratic estimates of the long-run
Phillips curve with unemployment as the dependent variable are reported in the lower portion of Table 5 .
The advantage of specifying the long-run Phillips curve in this way is that if the curve is vertical as in the standard literature then it is horizontal when the unemployment rate is the dependent variable. The test of a vertical long-run Phillips curve in the standard literature is equivalent to testing whether or not the independent long-run inflation terms are insignificantly different from zero. Tests of this restriction are reported in Table 5 and are strongly rejected by the data suggesting that the long-run Phillips curve in the standard sense has a significant positive slope.
A visual representation of the short and long-run Phillips Curves
Graph 4 provides a visual representation of the panel estimates of the F-P Phillips curve model of equation (6) Table 5 .
Note that the implicit long-run rates of unemployment are not the simple mean rates of unemployment for each inflation regime. Instead, the implied long-run unemployment rates lie towards, or beyond, the end of the short-run curves in most regimes. In cases where mean inflation is increasing (i.e. regimes 3, 4, and 6) the implied long-run unemployment rate is towards the right hand end of the short-run Phillips curve and towards the left hand end when mean inflation is shifting down (regimes 5, 7, and 8). This is exactly as predicted in modern theories of the Phillips curve since Friedman and Phelps.
SOME IMPLICATIONS OF THESE RESULTS
This paper argues that it is legitimate to model inflation as a stationary process with shifting means. This is in contrast with the standard empirical literature that usually proceeds assuming (either explicitly or implicitly) that inflation is a stationary process with a constant mean. When the statistical properties of inflation are investigated in the standard literature it is usually with reference to unit root tests. If the inflation data is found not to contain a unit root the researcher concludes the data is stationary with a constant mean. When a unit root is found in the inflation data the researcher concludes that the data is integrated but usually does not question the source of the non-stationarity. Both these conclusions are erroneous since 'modern' Phillips curve theories since the 'breakdown' of Phillips' original curve point to inflation being stationary with shifting means. In other words, if inflation is stationary with shifting means then this would explain the unit root commonly found in the data.
It is very surprising that the standard empirical Phillips curve literature does not model inflation as a stationary process with shifting means. Furthermore, the standard finding that the estimated coefficients on the dynamic inflation terms sum to 1 is taken as important evidence in the standard literature that the underlying theories are correct. Instead, this same finding should alert the researcher that (i) the inflation data is non-stationary; (ii) the estimation technique is inappropriate; and (iii) the estimates are biased and imprecise. Once we acknowledge that inflation is non-stationary and identify correctly the source of the nonstationarity meaningful estimates of Phillips curves are possible.
The empirical results reported above suggest that if we account for shifts in the mean rates of inflation then the standard results of the Phillips curve literature over the past 35 years
disappear. An important finding above is that there is no significant role for expected inflation in the Hybrid model (as measured in the literature) once we account for the shifts in mean inflation between inflation regimes (see column 3 of Table 1 and column 1 of Table 4 ).
As demonstrated in Section 5 (see column 1 of Table 2 ), it appears that the lead in inflation in the standard Hybrid model is 'dragging' inflation either up or down as the mean rates of inflation change between inflation regimes. Once these changes in mean are accounted for in the estimation process there is no role for the lead in inflation to play in inflation dynamics.
If we then exclude the insignificant expected inflation term from the Hybrid model, the F-P model indicates that lagged inflation is significantly less than 1 by a wide margin. Yule (1926) and Granger and Newbold (1974) .
That the long-run Phillips curve has a positive slope may unsettle some observers who would argue that the finding simply reflects the impact of supply shocks on both inflation and unemployment. Supply shocks, such as the OPEC oil price increases in the 1970s, simultaneously increase both inflation and the rate of unemployment leading to a positive 30 In the F-P model estimated with de-meaned inflation, the sum of the estimated coefficients on lagged inflation (Table 1 , column 4) is 0.5302 which is nearly 6 standard errors less than 1. Similarly, the panel estimates suggest the coefficient is 0.3323 (Table 4 , column 2) which is around 11 standard errors less than 1. correlation between the variables. This is a persuasive argument for a short-run positive relationship. However, the nature of the series differ in an important way. Increases in unemployment are likely to be highly persistent due to lags in retraining, the poor mobility of workers, and the slow adaptation of capital to the new 'post-shock' economic environment. This is in stark contrast with the impact of supply shocks on inflation which should be shortterm and transitory in an economy such as the United States where there are few or no price controls. Consequently, the supply shocks may introduce a positive bias in the estimates of the short-run Phillips curve but not in the long-run Phillips curve.
The long-run estimates reported in Table 5 can be compared with those of Russell and Banerjee (2006) . They also argue that the 'true' statistical process of inflation is stationary with frequent shifts in mean but that this can be approximated by an integrated process.
Using the same data as in this paper they estimate the long-run US Phillips curve as It appears that what is important when identifying the long-run Phillips curve is that the data is non-stationary. This observation encapsulates why the standard empirical approach to estimating Phillips curves is internally inconsistent. Consider a period of inflation where the data is stationary with a constant mean. If we estimate the Phillips curve model using the standard approach then the dynamic inflation terms must sum to less than 1 and we can calculate a unique long-run unemployment rate. With a constant mean, the data contains information about only one long-run rate of unemployment. Furthermore, the estimated Phillips curve must be a short-run Phillips curve as there is only one long-run rate of inflation and only one expected rate of inflation. To identify the long-run Phillips curve the data must contain a number of long-run (i.e. expected) rates of inflation and therefore the inflation data must exhibit shifts in mean and be non-stationary. The internal inconsistency of the standard approach is that for the method of estimation to be appropriate the inflation data must have a constant mean. Therefore, the standard approach cannot identify, nor comment on, the slope of the long-run Phillips curve as it can only reveal one combination of long-run rates of inflation and unemployment. Alternatively, if the inflation data is non-stationary so that the long-run Phillips curve can be identified then the standard estimation approach is not These results do not invalidate the expectations behaviour that underpins the respective Phillips curve models. All that is invalidated is the assumption that all economic agents behave in the ways set out in the respective theories. It is the universality of the behaviour that follows from modelling the representative agent that should be questioned. Some economic agents may look forwards and some may look backwards. But is a heroic (and very narrow) assumption that all agents behave in only one way in the Friedman-Phelps, and New Keynesian models or in only one of two ways as in the Hybrid model. Table A1 are those from the BLS database. 
APPENDIX 2 IDENTIFYING THE SHIFTS IN THE MEAN RATE OF INFLATION
The Bai and Perron (1998 , 2003a , 2003b The models are estimated with 209 observations re-estimated 10,000 times using Monte Carlo simulation techniques. The variable,
MS p Δ
, is constructed as the mean for each of the regimes plus a random variable taken from a normal distribution which is mean zero and with unit variance. The results reported are the means of the estimates from the Monte Carlo simulation of the model estimated in RATS 5.01 with a 'seed' of 171193.
Standard errors reported as { }, t-statistics reported as ( ), and F-test probability values as [ ]. The dependent variable in models 1 and 2 is the actual inflation rate. The dependent variable in models 3 and 4 is the 'meanshift' inflation variable.
The models are estimated by GMM in RATS 5.01 with three lags of both inflation and the unemployment rate as instruments. Details of the tests are provided in the notes to 
